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Largemouth bass Micropterus salmoides (Lacepède, 1802) 
is native to the eastern USA where they generally inhabit 
regions with an annual temperature range of 10–34 °C but 
can tolerate temperatures up to 36.5 °C (Fields et al. 1987). 
It is a popular angling species that has been introduced to 
more than 50 countries (Cooke and Philipp 2009). In South 
Africa, largemouth bass were first introduced in 1928 and 
were subsequently distributed throughout southern Africa 
for sport angling (Ellender and Weyl 2014; Ellender et al. 
2014). Although largemouth bass introductions resulted 
in the desired fisheries outcomes, high predation rates 
(Alexander et al. 2014) have resulted in severe impacts on 
native biota (Ellender and Weyl 2014). Consequently, they 
are legislated as species requiring management in South 
Africa (DEA 2014). Such management includes restricting 
new introductions to impoundments in river catchments 
where this species is documented to occur (DEA 2014). 
Given that rivers are conservation priorities (Weyl et 
al. 2014) understanding the movement behaviour of 
largemouth bass in relation to impoundments and inflowing 
rivers is therefore important.
Although movement behaviour of largemouth bass has 
been documented extensively in reservoirs within its native 
range in North America (e.g. Sammons and Maceina 
2005; Slipke and Maceina 2007), only one previous study 
has been conducted in South Africa (Huchzermeyer et al. 
2013). Huchzermeyer et al. (2013) tagged 10 largemouth 
bass (310–385 mm FL) with individually coded transmitters, 
relocated them to a common release site, and then 
monitored their movement in Wriggleswade Dam for seven 
weeks using an array of five moored acoustic data-logging 
receivers. The study, which was conducted during the 
austral autumn and winter, demonstrated that relocated 
fish dispersed rapidly after release, and that at the onset 
of winter the tagged largemouth bass resided in the deeper 
regions of the study area. During a subsequent mark–
recapture experiment on Wriggleswade Dam, Taylor et al. 
(2015) document the recapture of a largemouth bass by an 
angler in the Kubusi River some 14 km from the release 
site in the impoundment (Taylor et al. 2015). This indicated 
that additional insight into the movement behaviour might 
be gained by relating habitat use of this species to changes 
in environment (e.g. Cowley et al. 2008). 
An opportunity to investigate environmental influences in 
habitat use was provided by the Huchzermeyer et al. (2013) 
study. At the conclusion of that study, the acoustic-receiver 
array remained deployed for a further seven months to 
monitor the movement of the fish until the end of the 
useable lifespan of the transmitters that had been implanted 
into fish. The aim of the present study was therefore to 
make use of this long-term acoustic telemetry data to better 
understand largemouth bass movement behaviour in the 
Kubusi arm of Wriggleswade Dam in the Eastern Cape in 
South Africa. The specific objectives were to (1) describe 
movements and area use patterns of largemouth bass in 
the impoundment over a seven-month study period, and (2) 
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The objectives of this study were to describe movements and area use patterns of largemouth bass Micropterus 
salmoides in relation to abiotic factors (water temperature, river inflow and water level). The study was conducted 
in the Kubusi arm of Wriggleswade Dam, Eastern Cape, South Africa where nine largemouth bass (310–385 mm FL) 
were surgically implanted with individually coded acoustic transmitters and monitored for nine months (May 
2010 to January 2011) using an array of five moored acoustic data-logging receivers. The daily position occupied 
by largemouth bass was significantly affected by water temperature (P  < 0.001) and river inflow (P < 0.001), 
whereas water level had no effect. Largemouth bass spent little or no time in the shallow river inlet areas when 
water temperature was <12.5 °C, but as water temperature increased, their utilisation of shallow areas increased 
significantly. The results from this study demonstrate the importance of environmental factors, particularly water 
temperature, on the movement of largemouth bass.
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to investigate the influence of abiotic factors (water temper-
ature, water inflow and water level) on the movement 
behaviour of this species. 
Materials and methods
This study is based on data obtained from the same fish 
and telemetry array used and described by Huchzermeyer 
et al. (2013). Although detailed descriptions of study site, 
habitat, tagging procedure and telemetry array are available 
in Huchzermeyer et al. (2013), a short synopsis follows.
Study site
The study was conducted on Wriggleswade Dam 
(32°33′40″ S, 27°30′17″ E; 708 m above sea level), situated 
in the south-western section of the Amatola mountain 
range in the temperate climatic zone of the Eastern Cape 
province, South Africa (Figure 1). The dam is a 1 000  ha 
mainstream reservoir of the Kubusi and Little Kubusi 
Rivers, impounded in 1991 for irrigation purposes and 
human consumption. 
Receiver array and fish monitoring
Fish movements were monitored using the array of five 
moored automated data-logging acoustic receivers (VEMCO 
VR2s, Halifax, Canada) in combination with 10 Thelma 
Biotel (Trondheim, Norway) coded acoustic transmitters 
described in Huchzermeyer et al. (2013). The telemetry 
array within Wriggleswade Dam was positioned within a 
narrow serpentine section of the Kubusi arm covering a 
distance of 6 190 m with mean water depth increasing with 
distance from the river inlet (Figure 1). Receivers were 
mounted on a steel frame and moored (depth 3.0–3.6 m) 
approximately 1 km apart, yielding good coverage of the 
study area. Acoustic range tests conducted prior to the 
field experiment revealed that reception range in open 
unobstructed waters exceeded 500 m (in an omni-direction). 
However, range testing conducted within a dense 
macrophyte bed indicated that the reception range (<50 m) 
was significantly impeded in these habitats. Therefore, 
it was possible for a fish to move through the study site 
undetected if it occupied the shallow marginal habitats 
characterised by macrophyte beds. All the data were scruti-
nised to determine how often a fish moved through the array 
without being detected on a single receiver (e.g. if a fish 
was recorded on receiver 1 and then on receiver 3, without 
being recorded on receiver 2). This revealed that tagged 
fish only swam past a receiver in the array undetected on 
six occasions. Furthermore, Huchzermeyer et al. (2013) 
demonstrated that there was no acoustic reception overlap 
between adjacent receivers in the array. 
Fish tagging procedures are described in Huchzermeyer 
et al. (2013). After all receivers were deployed, 10 large-
mouth bass (mean ± SD = 333.1 ± 24.9 mm fork length 
(FL); Table 1) were caught by rod and line (two fish near 
each receiver) on 26 April 2010. Fish were then tagged 
with individual acoustic transmitters (MP-9-LONG; 28 mm; 
5.2 g; guaranteed battery life = 260 d; random ping rate = 
20–60  s). Once tagged, fish were released at a single 
site south of the detection range of receiver 1 (Figure 1). 
Telemetry data were then downloaded from receivers 
on three occasions (7 July 2010, 19 October 2010 and 
25 February 2011). After flooding receiver 2 was lost and no 
data were available from this receiver after 19 October 2010.
Environmental data 
Environmental parameters used in this study were river 
inflow (m3 s−1; DWA hydrological station S6H001; DWA 
2013a); water level measured at Wriggleswade Dam 
wall (m; DWA hydrological station S6H002; DWA 2013b); 
surface and bottom water temperatures (°C), measured at 
0.5 and 6 m depth using two HOBO Pro v2 temperature 
loggers (Onset Computer Corporation, Bourne, MA, USA). 
Temperature loggers, moored in the study area, in March 
Figure 1: Study area within the Kubusi arm of Wriggleswade Dam, 
Eastern Cape, South Africa. Receiver stations (1–5) are illustrated 



















site Table 1: Summary of telemetry data for each largemouth bass 
Micropterus salmoides, acoustically tagged in the Kubusi arm 
of Wriggleswade Dam, Eastern Cape, South Africa, during the 












1 1 320 37 486 37
2 1 310 48 966 76
3 2 385 172 243 205
4 2 320 34 897 51
5 3 316 108 762 98
6 a 3 310 0 0
7 4 340 182 206 201
8 4 320 179 583 213
9 5 354 209 160 161
10 5 356 288 749 135
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2010, were lost during a flood in February 2011. These 
temperature loggers were last downloaded on 19 October 
2010. However, since temperature data for corresponding 
time periods during 2010 and 2011 were significantly 
correlated (P < 0.001, R2 = 0.87), temperature data 
collected one year later (20 October 2011 to 10 January 
2012)  were used as a proxy of water temperature for the 
remaining period of the study. 
During the study period water temperature initially 
declined from 15.7 °C on 24 May 2010 to a low of 9.5 °C 
on 20 June 2010, before continually increasing to 16.8 °C 
on 19 October and, thereafter, following the increasing 
trend, peaking at >21 °C in January (2012 proxy data). 
River inflow remained fairly constant between 24  May 
and 20 October 2010 at an average rate of 0.1179 m³ s−1. 
However, following 20 October 2010 noticeable peaks in 
river inflow were observed, the smallest of which occurred 
at the end of October, followed by larger (>2 m3 s−1) peaks 
towards the end of December 2010 and beginning of 
January 2011. As a result of water extraction and a low river 
inflow between 24 May and 15 December 2010, the water 
level receded at a rate of 0.152 m d−1. This corresponded to 
a drop in water level of 3.1 m from 18.3 m on 24 May 2010 
to 15.2 m depth on 15 December 2010. Only after the river 
inflow increased to 0.7 m³ s−1 on 15 December did the water 
level begin to increase, and continued to rise to 15.7 m 
between 15 December 2010 and 10 January 2011, with a 
general increase in river inflow. 
Data analysis
This study analysed a period of telemetry and environ-
mental data, which extended between 24 May and 
10 January 2011. For analysis purposes, the start date 
(24 May 2010) was set to allow fish sufficient acclima-
tion time to resume natural behaviours and return to their 
home range following translocation (see Huchzermeyer et 
al. 2013). The end date (10 January 2011) was set as the 
last day of guaranteed battery life of the transmitters. Fish 
6 was removed from analysis as it was only detected for 
2 d. It was last recorded on receiver 4 on 30 April 2010. 
Data analysis was therefore conducted on the remaining 
nine fish. 
To investigate changes in area use (above, within 
and below the array) by fish over time, the study period 
was divided into eight equal time periods each of 29 d 
(i.e. approximate duration of one month). Hereafter, these 
periods are presented by months, June 2010 through to 
January 2011, and represent the end of autumn (June), 
winter (July–August), spring (September–November) and 
the initial period of summer (December–January). Area use 
was then calculated as the proportion of total time available 
in each period (696 h) that fish spent in the three separate 
areas. Time spent in each area within each period was 
determined using the Residency Search function, which 
provides a method for reducing the data by accumulating 
the number of detections at a receiver during a fixed period 
of time, in Vemco’s software package, namely Vemco 
User Environment (VUE; http://vemco.com/wp-content/
uploads/2014/07/vue-manual.pdf). The Residency Search 
output was processed using Microsoft Excel, where present 
and absent times for each fish injunction with receivers 
were determined. If a fish was detected by any of the 
five receivers, and then not detected again for a period 
exceeding 24 h, the consecutive time spent not being 
detected was termed ‘absence time’. If a fish was detected 
by receiver 1, and then not detected again for more than 
24 h, it was assumed to have moved above the array. The 
mean proportion of time spent by all fish above the array 
was then calculated. Similarly, if a fish was last detected 
by receiver 5, and not detected again for more than 24 h, it 
was assumed to have moved below the array. In each fish 
that this occurred, the duration was summed within each 
time period (i.e. time periods 1–8). The mean proportion of 
time spent by all fish above and below the array was then 
calculated. Fish that were detected again on receivers 1 or 
5 within 24 h were assumed to be within the array. This 
absence time data was then summed with the presence 
time data of receivers 1 and 5, together with the absence 
and presence times recorded from receivers 2, 3 and 4 
for each time period. Present and absent time periods for 
each fish were then accumulated. Again, this time within 
the array was expressed as a proportion of total time 
available in each time period. A chi-square contingency test 
(STATISTICA 12; Statsoft, Inc., Tulsa, OK, USA, 2012) was 
used to compare area use (above, within and below the 
array) by fish across the eight time periods.
To investigate movements on finer spatiotemporal 
scales, the mean daily position within the array (i.e. position 
at receivers 1–5) was calculated for each fish between 
24 May 2010 and 10 January 2011. Mean daily position 
was calculated as the weighted average of each receiver 
visited within each hour of the day, during a 24-hour 
period from 00:00 to 23:59. Each receiver number (1–5) 
acted as a proxy for a fish’s position along the length of 
the Kubusi arm. 
To assess the role of abiotic factors in influencing mean 
daily position, a linear mixed effects model (LMM), with a 
normal distribution and log-link function, was used to test 
the effects of water temperature, river inflow and water 
level on the mean daily position of each tagged bass. 
Mean daily position was the response variable, with water 
temperature, river inflow and water level as the fixed 
effects and Fish ID as the random effect. The Wald χ2 
statistic was used to test the statistical significance of the 
fixed effects. Given that independence between observa-
tions is an implicit assumption in most statistical analyses 
of animal movements, LMMs are well suited for telemetry 
data. They are robust statistical models that incorporate 
random effects and can handle non-independent data, 
which allows for the modelling of correlated (spatially and 
temporally dependent) data (McCulloch 2006; Thiele and 
Markussen 2012). In addition, the inclusion of individual fish 
as a random effect accounts for the lack of independence 
between observations within each fish (Kock et al. 2013). 
The model was defined as follows:
Yijk = β0 + β1X1 + … + βkXk + Z1U1 + … ZjUj + eij 
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where Xik are k explanatory variables, β ik are the k 
corresponding coefficients, Uij are the parameters of 
the random effects, and Zij are the levels of the random 
effects, where i = 1,…M fish, and j = 1,…ni observations 
on each fish. Analyses were conducted in R version 3.03 
(R Development Core =Team 2013). 
Results
Largemouth bass (n = 9) were recorded intermittently 
throughout the data analysis period within the Kubusi arm 
of Wriggleswade Dam, with the number of detection days 
ranging from 37 to 213 (Table 1). On average, tagged 
individuals were detected on 78% of the days that they 
were present in the study site (range = 22–100%). There 
was an average number of 131 detection days but the 
average total residence time within the array was 140 d 
during the entire data collection period of 233 d. Recording 
of Fish 6 ceased 4 d after release and tag malfunction was 
assumed, therefore data for this individual was discarded 
from analyses. During the entire analysis period (233 d), 
all tagged largemouth bass were recorded on all receivers 
within the array. One individual never left the area within 
the array, two individuals made trips into the area below the 
array while never venturing above the array, two individuals 
visited the area above the array but never ventured below 
the array, and the remaining four individuals all made trips 
above and below the array. 
Area use within the Kubusi arm
There was a significant difference in the mean proportion 
of time spent in each area over the study period (χ2 = 157, 
df = 14, P  < 0.01). The mean proportion of time that 
largemouth bass spent above, within and below the array 
in June 2010 was 3.7%, 75.2% and 21.1%, respectively 
(Figure 2). In July and August 2010, fish spent more time 
below the array (26.0%) and avoided the area above the 
array. Thereafter, the mean proportion of time spent by fish 
above the array increased from 13.9% (September) to a 
maximum of 38.8% (January). Correspondingly, time spent 
below the array decreased over these months. 
Effect of environmental variables on fish position
Results of the LMM describing the relationship between the 
mean daily relative position between receiver 1 (closest to 
the river inlet) and receiver 5 (closest to the dam basin) of 
all tagged M. salmoides within the acoustic receiver array 
and water temperature (°C), river inflow (m³ s−¹) and dam 
level (m) are provided in Table 2. There was a significant 
negative relationship between the mean daily position 
of individual largemouth bass within the array and water 
temperature (LMM, W = 150.277, P < 0.001), and a signifi-
cant positive relationship between mean daily position of 
largemouth bass within the array and river inflow (LMM, 
W = 22.92, P < 0.001) (Figure 3, Table 2). There was 
however, no significant relationship between mean daily 
position within the array by largemouth bass and water 
level (LMM, W = 0.54, P = 0.46) (Table 2). The mean daily 
position occupied by tagged fish shifted in relation to mean 
daily water temperature fluctuations over the study period 
(Figure 3). With the onset of winter (i.e. during decreasing 
water temperatures), fish occupied wider and deeper 
Figure 2: Mean proportion (%) of time spent by tagged largemouth 
bass Micropterus salmoides above, within and below the 
receiver array during eight 29-day periods in the Kubusi arm of 
Wriggleswade Dam, Eastern Cape, South Africa between 24 May 
2010 and 10 January 2011 (e.g. M/J = 24 May–21 June, J/J = 22 
June–20 July, etc.). The 29-day bins are denoted by the months of 




















M/J J/J J/A A/S S/O O/N   N/D D/J
Above array Within array Below array
Table 2: Wald chi-square statistics and coefficients of the linear 
mixed effects model describing the relationship between the mean 
daily position of all tagged largemouth bass Micropterus salmoides 
in the acoustic array of the Kubusi Arm of Wriggleswade Dam and 
water temperature (°C), river inflow (m³ s−¹) and dam level (m) 
during the study period (24 May 2010 to 10 January 2011)
df Estimate SE Wald χ2 P-value
Water temperature 1 −0.15 0.01 150.27 <0.001
River inflow 1 0.31 0.07 22.92 <0.001
Dam level 1 0.03 0.04 0.54 0.46
Figure 3: Mean daily position of all tagged largemouth bass 
Micropterus salmoides and water temperature (°C) and river inflow 
(m3 s−1) between 24 May 2010 and 10 January 2011 in the Kubusi 
arm of Wriggleswade Dam, Eastern Cape, South Africa. Note that 
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regions associated with receivers 4 and 5, whereas during 
spring and summer (i.e. during higher water temperatures) 
they occupied the narrower and shallower regions of the 
study area associated with receivers 1, 2 and 3 (Figure 3). 
Discussion
The use of telemetry in the monitoring of fish is an 
important application for further understanding species 
movement and how associated behaviours may relate 
to a range of environmental variables. By monitoring the 
movement of largemouth bass, this study found seasonal 
patterns of area use of regions of different depths and, on a 
smaller scale, indicated that fish positions were influenced 
by water temperature and river inflow. 
After Huchzermeyer et al. (2013) had reported that 
all the tagged fish during their study moved into the dam 
basin with the onset of winter, fish continued to make use 
of the deeper areas of the dam throughout winter (June–
August). During this time, fish movements and area use 
appeared to be limited to regions nearer to the dam basin 
and related periods of coldest water temperatures between 
9.5 and 12.5 °C, with little to no time spent in the shallow 
area above the array. This behaviour may be a reflection 
of more stable thermal conditions in deeper water areas 
where fish are buffered to a greater degree to dramatic 
changes in temperature that can occur in more shallow 
regions (Raibley et al. 1997). However, as water tempera-
tures began to increase during months that followed from 
September to January, changes in the proportion of time 
tagged largemouth bass spent in the areas above, within 
and below the array across the monthly periods indicated 
that there was a reduction in the use of the area below the 
array. During this time fish moved toward the area above 
the array and spent increased amounts of time in these 
shallower regions. Towards the end stages of the study 
period, fish movement covered shallower regions nearest to 
the area above the array as water temperatures exceeded 
18 °C and spent little to no time in the area below the array. 
The observation of area use and movement behaviours 
of fish related to water temperature has been well 
documented in many telemetry studies conducted in 
freshwater, estuarine and marine habitats (e.g. Childs et al. 
2008; Cowley et al. 2008; Hanson et al. 2008; Heupel et 
al. 2011). In an eastern part of Lake Ontario, for example, 
Hanson et al. (2007) demonstrated that largemouth bass 
movements were positively correlated with water tempera-
ture. Specifically, telemetry studies of largemouth bass in 
their native range have shown that they are more active 
and occupy shallow regions during warmer seasons and 
become indolent while occupying regions of increased 
depth during the winter (e.g. Demers et al. 1996; Karchesky 
and Bennett 2004). 
Water temperature affects a number of life-history 
characteristics including metabolism, growth, migration 
and winter dormancy for largemouth bass (Hanson et al. 
2008). In particular, the initiation of spawning behaviour 
occurs with temperatures of 18 °C and greater (Cooke and 
Philipp 2009). Seasonal changes in area use as observed 
in the present study may therefore be a result of the onset 
of spawning and the requirement of adequate spawning 
grounds, as Mesing and Wicker (1986), for example, have 
observed bass migrating to areas outside their home 
ranges for protection against wave action. In addition, 
different areas of the dam may provide more productive 
regions for feeding. The shallower regions support reed 
beds and much aquatic vegetation, which is character-
istically an important habitat for largemouth bass, as an 
ambush predator that often makes use of such habitats 
(Savino and Stein 1982; Schlagenhaft and Murphy 1985; 
Annett et al. 1996). 
Water level in the current study was not correlated with 
movement behaviours assessed in the present study. 
This is similar to findings by Slipke and Maceina (2007) 
who found that water level in the Demopolis Reservoir, 
Alabama, USA, had no significant effect on movement of 
largemouth bass. In their study, largemouth bass were 
observed to move in and out of backwaters in line with their 
usual behaviours, irrespective of fluctuating water levels 
(Slipke and Maceina 2007). Research in other localities 
(e.g. Rogers and Bergersen 1995) indicates significant 
effects of largemouth bass movement with reductions 
in water level, which indicates that the response of 
largemouth bass behaviour to fluctuating water levels may 
be locality specific.
During the entire study period, the tagged bass were 
detected on average only 45% of the time. In addition 
to time spent above and below the array, a number of 
reasons may account for the portion of time that fish 
were undetected. For example, it is known that silt, air 
bubbles and other matter suspended in water has the 
ability to reduce the detection range as it absorbs the 
acoustic energy of the transmitted signal (Pincock and 
Voegeli 2002). It is most likely, however, that vegeta-
tion and physical obstructions reduce the reception of the 
acoustic signal (Matthew 1990). Since largemouth bass are 
dependent on vegetation for various aspects of their biology 
and stages in their life history (Annett et al. 1996; Wallace 
and Hartman 2006), time spent in these associated habitats 
may have resulted in hindrance or obstruction of acoustic 
signal transmission being prevented by aquatic plants and 
weed beds that these habitats comprise.
The importance of telemetry data in the recording of 
movement behaviours for furthering the understanding 
of the ecology and biology of fish species has previously 
been demonstrated (Cooke et al. 2004; Heupel et al. 2006). 
Here, the importance of telemetry and its application in 
combination with environmental data has been shown 
to contribute to our understanding of largemouth bass 
movement and behavioural patterns. From an invasions 
perspective, understanding movement behaviour and 
how it relates to environmental conditions is important for 
containment. For example, South Africa is an arid country 
where river flows are often strongly seasonal. Reduced 
movement and movement into deeper habitats in impound-
ments during winter may make largemouth bass less likely 
to invade upstream habitats in winter rainfall regions than 
in summer rainfall regions where inflow coincides with high 
temperature and increased bass movement. However, 
to further investigate and gain more detailed insight on 
movement behaviours of largemouth bass in its non-native 
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methods should be used in South African riverine environ-
ments where native species are most threatened by this 
alien invasive species.
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